sensus about how to accurately assess the clinical utility of genomic tests, some have argued for expanding the definition of utility to include personal utility [5] . Personal utility refers to using genomic information for decisions, actions or self-understanding that may be health-related, but may not have direct medical benefit [5] . While debate remains about the possibility of expanding the definition of utility to include information that may have no direct medical benefit [8] , to date, little is known about patients' perceived utility of WGS [5] . Understanding patients' perceived utility of WGS is important because it will influence uptake of this new technology [9] , as well as how individuals are likely to respond to WGS results [5, 9] .
In addition to understanding patients' perceived utility of WGS, there have been few, if any, assessments exploring whether individual patient characteristics influence future science group
Research Article Lupo, Robinson, Diamond et al. their perceptions about its utility. The objective of this study was to characterize perceived utility of WGS among participants enrolled in the MedSeq Project, a randomized controlled trial exploring the impact of integrating genomic medicine into the clinical care of primary care and cardiology patients [10] . Additionally, we evaluated whether patient attitudes, behaviors and demographic factors predict one's perceived utility of WGS.
Materials & methods

Study overview
Details of the MedSeq Project have been described previously [10, 11] . Briefly, cardiologists, primary care physicians and their patients were enrolled in the MedSeq Project. Both physicians and patients were evaluated with surveys and interviews at multiple time points, and patients were randomized to receive either standard of care (family history review or targeted genetic testing for patients with cardiomyopathies) or standard of care plus WGS. In this report, we focus on patients' perceived utility of WGS at baseline, prior to receiving their WGS results or learning their randomization status. The Baylor College of Medicine Institutional Research Board and the Partners Human Research Committee approved this study.
Study design & participants
At the baseline visit, participants completed a baseline survey, an online family history assessment, underwent a blood draw and were randomized to either the WGS or standard of care arm (control arm). In total, 100 adults in the primary care cohort and 102 adults in the cardiology cohort completed the baseline visit. Primary care participants were between 40 and 70 years of age and generally healthy (individuals with cardiovascular disease or diabetes were specifically excluded), without an indication for genetic testing. Cardiology participants were >18 years of age, had a clinical diagnosis of hypertrophic or dilated cardiomyopathy and had previous or concurrent targeted genetic testing for their condition.
Measurements
Our outcome of interest was perceived utility of WGS. Specifically, the following six items were used to measure perceived utility, Do you think your study results will: accurately identify your disease risk; influence what treatment you receive for your current or future medical problems; influence decisions you make about your medical care; influence your or your child's reproductive decisions; influence what medications you take and influence your end-of-life planning.
Response options to these questions were yes, probably yes, probably no and no. Predictors of perceived utility that were evaluated included: gender; age; marital status; education; income; study cohort (primary care vs cardiology); genomic knowledge (adapted with permission from Kaphingst et al. [12] ); and 9) intolerance of uncertainty [13] . Additionally, we assessed associations with trust, motivations for participation in the study and concerns about genetic test results. These attitude scales were constructed specifically for this analysis and were computed as summed totals of item responses based upon results from exploratory factor analyses. A listing of the items used to construct the trust, motivation and concern scales can be found in the Supplementary Materials. Trust in the context of our study was a composite of six novel items included on the baseline survey. Responses on the individual items ranged from strongly disagree (coded as 0) to strongly agree (coded as 4), and reflected trust in physicians (e.g., "My physician has enough knowledge to help me interpret my genetic information"); medical researchers (e.g., "I trust doctors who do medical research") and the study investigators' confidentiality of genetic information (e.g., "I trust that neither my identity nor my genetic information will be shared with third parties without my permission"). Finally, participants were evaluated on current versus future utility of WGS. Specifically, participants were asked, on a scale of 1-10, how useful do you think WGS will be for managing your health, both now and in the future.
Analysis
Summary statistics were generated for the following demographic characteristics: age (<45 years, 45-54 years, 55-64 years or ≥65 years); gender (male or female); race/ethnicity (non-Hispanic white or other); marital status (not married or living with partner); education level (college graduate, yes or no); annual household income (<US$100,000 or ≥US$100,000); and previous genetic testing (yes or no). Mean scores and standard deviations were determined for genetic knowledge, and intolerance of uncertainty as well as the scales measuring trust, motivation and concern. Differences in these characteristics by study cohort (primary care vs cardiology) were evaluated using chi-squared tests for categorical variables and t-tests for continuous variables at a significance level of 0.05.
Initial descriptive statistics for the six perceived utility items suggested that participants differed more in their pattern of responses to these items than in magnitude (low to high utility). To examine this possibility, a latent class analysis was conducted to identify salient patterns on this construct. Items were first future science group
Patients' perceived utility of WGS for their healthcare: findings from the MedSeq project Research Article dichotomized by collapsing 'yes' and 'probably yes' into 'yes' and 'no' and 'probably no' into 'no'. Mplus 7.2 [14] was used to conduct both the latent class and subsequent prediction models. Solutions with two through five latent classes were inspected for fit and interpretability. Fit was assessed using information criteria (Akaike: AIC; Bayesian Information Criteria: BIC; and the sample size Adjusted BIC: aBIC) as well as the Vuong-Lo-Mendell-Rubin Likelihood Ratio Test (LMR-LRT) and the Bootstrapped LRT. For the information criteria, lower values indicate better fit. The likelihood ratio tests assess whether a model with k categories fits significantly better than one with k-1; therefore a significant LRT indicates that the model with 1 less category is more likely to adequately reproduce the data [15] . Because fit indices do not always provide a clear-cut answer on fit, interpretability of the results and size of the categories were also used to determine the optimal number of categories [16] . Once an acceptable latent class solution was obtained, a multinomial logistic regression model was fit to assess the relationship between the predictors and the classes defined by the latent class model. Odds ratios (OR) and 95% CI were calculated, along with p-values to evaluate the association between selected predictors and perceived utility classes. Differences between latent classes on current versus future utility of WGS were assessed using one-way analysis of variance (ANOVA).
Results
Primary care and cardiology participants' sociodemographic characteristics are summarized in Table 1 . Across the two cohorts, participants were predominantly white, middle-aged with college degrees and reported high annual household incomes. The only differences between cohorts were on age, gender, income and experience with genetic testing (p < 0.05). Table 2 provides the fit statistics for the latent class analysis on the perceived utility items. Specifically, we explored two, three, four and five class solutions for categorizing participants based on their perceived utility of WGS. A three class solution was determined to be optimal based on both fit indicators and interpretability. Figure 1 shows the three classes that were identified. Class 1, which we call 'enthusiasts' (n = 47; 23%), is defined by a high probability of agreement with all of the perceived utility items. The second class we labeled 'health conscious' (n = 121; 60%) as they perceived WGS to have utility in medically focused items but not for reproductive or end-of-life planning, which are related to personal and not clinical utility. The third class are 'skeptics' (n = 34; 17%) as they had the lowest probability of agreement with any utility items.
Predictors of perceived utility class (i.e., enthusiasts, health conscious or skeptics) are presented in Table 3 . Trust was the only significant predictor across perceived utility classes. Specifically, enthusiasts were more likely to be trusting compared with skeptics (OR: 1.23; 95% CI: 1.02-1.48; p = 0.033), and the health conscious were also more likely to be trusting compared with skeptics (OR: 1.20; 95% CI: 1.02-1.40; p = 0.027). While enthusiasts had more motivations for participation in the study compared with skeptics (OR: 1.31; 95% CI: 1.01-1.70; p = 0.044), the same was not true for the health conscious compared with skeptics (OR: 1.16; 95% CI: 0.93-1.44; p = 0.184). Factors including gender, age, income, education, study cohort and genomic knowledge were not significant predictors of participants' perceived utility class.
There were significant differences by perceived utility class both on current (p < 0.001) and future utility (p < 0.001). In pairwise comparisons, enthusiasts did not differ from the health conscious. However, both groups differed significantly (p < 0.001) from skeptics. While enthusiasts had the highest responses for both current and future utility, each group believed the utility would increase over time (Figure 2 ).
Discussion
Overall, most participants in the MedSeq Project perceived some utility in using WGS for health-related decision making. However, our results suggested that there were nuances to participants' perceived utility as we found participants varied in their pattern of responses and fell into one of three groups. Specifically, enthusiasts were likely to agree with all perceived utility items. The health conscious, who made up the largest group of participants, perceived WGS would have utility in medical care, treatment and the identification of disease risk, but that it would not likely play a role in end-of-life or reproductive planning. Finally, skeptics were the smallest group and did not perceive much utility in any WGS items. While there were differences between enthusiasts, the health conscious and skeptics in terms of their perceived utility of WGS, each group indicated that WGS information would be more useful in the future.
A notable difference between enthusiasts and the health conscious is that enthusiasts perceived utility in WGS for decisions related to reproduction and end-oflife planning. As these items are related to personal utility rather than clinical utility [5] , it may be that enthusiasts perceive a broader definition of utility of WGS, even beyond their physicians' perceived utility of this technology [11] . If confirmed, it will be important for physicians to understand that some patients may expect to make more personal decisions based on WGS, which may necessitate a broader discussion of the nonclinical implications of this information. The only factor that was significantly different across classes was trust. While trust did not differ based on study cohort (primary care vs cardiology), it was significantly higher among enthusiasts and health conscious when compared with skeptics. As trust items included one' s trust in the interpretation and dissemination of genetic information by health professionals, our findings that skeptics, who were the least likely to perceive utility in WGS, appear to be consistent with the notion that those least enthusiastic Motivation, concerns and trust are each six item scales; concerns and trust have a potential range of 0-24, where 0 = no concern/no trust and 24 = high concern/ high trust; motivation has a potential range of 0-18, where 0 = no motivation and 18 = high motivation. Bold p-values represent statistically significant results. SD: Standard deviation; WGS: Whole-genome sequencing.
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Patients' perceived utility of WGS for their healthcare: findings from the MedSeq project Research Article about the potential of WGS are those who are least likely to have trust in the system for translating WGS in terms of health-related decisions. Therefore, it is possible that as clinicians become more familiar with WGS, and the contextualization of these data with their patients, individuals who previously perceived little utility in this information may improve their outlook. As the importance of trust has been suggested as being related to one's attitudes about receiving individual genomic research results [17, 18] , future research will need to examine perceived utility of WGS among patients with historical distrust of medicine, doctors and biomedical research. To our knowledge, this is the first study examining the views of patients on the use of WGS in the context of routine clinical practice. Physician perspectives on the utility of WGS have been previously evaluated using data from the MedSeq Project [11] . Physicians noted that WGS would likely improve risk stratification of patients, lead to better prevention strategies and inform pharmacogenomics strategies. Additionally, like participants evaluated in this analysis, physicians did expect the utility of WGS to increase in the future [11] . Therefore, both patients and physicians in this study largely see the promise and limitations of WGS in its current state.
Our study must be considered in light of certain limitations. One potential limitation is that our population is not representative of the general population in terms of sociodemographic factors. The MedSeq Project population is highly knowledgeable about genomic concepts, well-educated and relatively affluent. This may have influenced their overall sense of perceived utility of WGS. Additional research in more diverse populations will be necessary to inform the future of genomics practice. Another potential weakness is the sample size. For instance, we were limited in our ability to conduct subgroup analyses and to make conclusions on moderate differences between groups. However, our assessment is an important first step in characterizing how individuals perceive the utility of WGS.
Conclusion
WGS and other genome sequencing technologies are increasingly being integrated into clinical care as diagnostic and screening tools. While clinical utility can The LL provides an indication of how well the model parameters are able to reproduce the data; in general higher values (closer to 0) indicate better fitting models. The AIC, BIC, and aBIC are information criteria used to assess comparative model fit; in general smaller values indicate a better fit, however, in latent class analysis the BIC has been found to underestimate the number of categories according to Nylund et al. [15] and often the optimal solution has one more class than indicated by BIC. The LMR-LRT and Bootstrap LRT test the null hypothesis that the model with one less class (k-1) fits adequately; thus a rejection of the null for a k class solution indicates that the k-1 class is preferred. A significance level of 0.01 was chosen when comparing solutions using the LMR-LRT and Bootstrap LRT. be clearly defined in relationship to improved patient outcomes, some have argued that genomic sequencing may have other types of utility, such as personal utility [5] , and that uptake of these approaches will partially depend on patients' perceived utility of these technologies [9] . There were differences in the MedSeq Project population in terms of perceived utility, which suggests that understanding these expectations based on patient characteristics may inform how to address misconceptions about WGS and how to target specific groups for pre-WGS counseling. Ultimately, a valuable aspect of the MedSeq Project will be to evaluate how different categories of individuals (enthusiasts, health conscious and skeptics) eventually incorporate WGS in their health-related decisions.
Future perspective
Rapid advances in genomic technology will likely change the way patients utilize this information in their approach to healthcare and wellness. However, how patients' perceive the utility of this technology remains to be defined. Understanding how individuals incorporate information from WGS into their daily lives remains a next frontier in genomic medicine.
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Executive summary
Background
• While whole-genome sequencing (WGS) is becoming more common in clinical practice, little is known about patients' perspectives on the perceived utility of this technology.
Methods
• We evaluated expectations regarding the perceived utility of WGS among patients enrolled in the MedSeq Project.
• Surveys administered at enrollment assessed multiple domains, including perceived utility and other patient characteristics.
• Latent class analysis was used to categorize individuals based on their perceived utility of WGS.
• Multinomial logistic regression was used to evaluate associations between participant characteristics and latent classes.
Results
• Participants were categorized into one of three classes: enthusiasts, who had a high probability of agreement with all perceived utility items (23%); health conscious, who perceived utility primarily in medically related, but not all, areas (60%); or skeptics, who had a low probability of agreement with all utility items (17%).
• The only variable that was significantly different across classes was trust (odds ratio: enthusiasts vs skeptics = 1.23; 95% CI: 1.02-1.48; odds ratio: health conscious vs skeptics = 1.20; 95% CI: 1.02-1.40).
Discussion
• Overall, most participants in the MedSeq Project perceived some utility in using WGS for health-related decision making.
• Our results suggested that there were nuances to participants' perceived utility as we found participants varied in their pattern of responses and fell into one of three groups.
Conclusion
• Ultimately, a valuable aspect of the MedSeq Project will be to evaluate how different categories of individuals (enthusiasts, health conscious and skeptics) eventually incorporate WGS in their health-related decisions.
